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A sensitive norepinephrine (NE) sensor using silver and iron nanoparticles decorated single walled carbon nanotubes 
modified glassy carbon electrode (Ag-Fe/SWCNTs/GCE) for electrochemical detection of trace NE, has been developed. 
The Ag-Fe/SWCNTs have been prepared using DC arc discharge evaporation and characterized by transmission electron 
microscope (TEM), scanning electron microscope (SEM) and X-ray diffraction (XRD). The oxidation peak current of NE  
at Ag-Fe/SWCNTs modified GCE has been greatly increased than that of SWCNTs modified GCE and unmodified  
GCE. The designed sensor successfully detected NE with good reproducibility and stability, indicating its promising 
practical applicability. Impressively, the detection limit of NE on Ag-Fe/SWCNTs/GCE has been found to be 5 μM. Owing 
to the Ag-Fe/SWCNTs specific catalysis of the NE oxidation, NE can be detected selectively in the presence of high 
concentrations of ascorbic acid (AA). Consequently, this strategy offers a potential, convenient, low-cost, and sensitive 
sensor for NE diagnosis. 
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Norepinephrine (NE), also called noradrenaline 
(BAN), is a catecholamine with important physiological 
effects including those as a neurotransmitter and a 
hormone1-5. NE has an effect on muscle and tissue 
control, decreases peripheral circulation, stimulates 
arteriole contraction and activates lipolysis in adipose 
tissue6. There are many diseases related to the changes 
of its concentration, like Alzheimer and Parkinson. 
Therefore, it is critical to develop accurate, sensitive 
and fast methods for the direct determination of  
NE. So far, various detection methods, such as 
electrochemical assay7-10, spectrophotometry11,12, 
fluorescence spectroscopy13, ion chromatography14, 
gas chromatography15, and high performance liquid 
chromatography16, have been employed to analyze NE. 
Since NE is an electroactive species, electrochemical 
assay, a simple, practical and reliable method with 
wide dynamic range and low detection limit, is 
preferred in comparison to other methods.  
In nature, NE coexists with some small 
biomolecules, such as ascorbic acid (AA)17. Due to the 
overlaid oxidation peak potentials of NE and AA,  
the separate detection of NE is a challenging work  
in the presence of AA on conventional unmodified 
electrodes. Hence, it is necessary to find an efficient 
method to determine NE with the elimination of  
the interference of AA. To overcome this problem, it 
has been proven that the chemically modified 
electrodes are useful for separate detection of NE  
and AA. Recently, many materials, including carbon 
nano-materials18, amino acids19,20, and metal 
nanomaterials21,22, have been used to fabricate NE 
sensors. Taei et al., fabricated a poly-Trypan Blue 
modified glassy carbon electrode for the simultaneous 
determination of NE and AA23,24. Mukdasai and 
coworkers reported a sensitive electrochemical sensor 
for NE analysis by using gold nanoparticles/multi-
walled carbon nanotubes modified glassy carbon 
electrode consisting of l-cysteine self-assembled 
monolayers24.  
Electrochemical sensing based on carbon 
nanotubes (CNTs) is a rapidly developing research 




field with great scientific appeal. CNTs, with the 
excellent electrochemical features, can be used in 
Faradaic processes in view of the fast electron transfer 
of CNTs, or in non-Faradaic processes like the  
great changes in conductance25,26. More research and 
applications on multiwall carbon nanotubes (MWCNTs) 
exist, than for single-wall carbon nanotubes (SWCNTs), 
while SWCNTs are well-defined materials in terms of 
electronic properties compared with MWCNTs. Silver 
nanomaterials, have led to increased interests and 
have been intensively used in electrochemistry owing 
to the excellent electrical conductivity, chemical stability, 
and electrocatalytic activity27. Chemical decorating  
is a significant strategy for adjusting the electrical 
properties of materials28,29. To the best of our 
knowledge, there are very few reports about using the 
silver and iron nanoparticles decorated SWCNTs to 
detect NE and eliminate the interference of AA by 
electrochemical method. 
In this paper, the silver and iron nanoparticles 
decorated SWCNTs modified glassy carbon electrode 
(GCE) was prepared to fabricate a novel sensor for 
the determination of NE. The results exhibited the 
superiority of the modified GCEs in comparison to 
the bare electrodes with respect to the improvement of 
reversibility and sensitivity. Moreover, this modified 
electrode also showed the well-separated oxidation 
peaks of NE and AA in buffer solution, which  
was demonstrated to be an effective strategy with 
simplicity, selectivity, stability and fast response. 
 
Materials and Methods 
All chemicals used were of analytical reagent grade 
and were used as received. PE was purchased from 
Korea (Darmstadt, Germany). Ascorbic acid was 
purchased from Sigma–Aldrich (USA). Doubly-
distilled water was used throughout the whole study. 
All cyclic voltammetric experiments were performed 
at the ambient temperature (25 °C). Electrochemical 
measurements were carried out by an electrochemical 
analyser (CHI 660 D, CHI Shanghai, Inc.) connected 
to a personal computer. The metal nanoparticles and 
the morphology of the nanotubes were studied by 
transmission electron microscope (TEM, JEOL  
JEM-200CX) and scanning electron microscope 
(SEM, FESEM, JEOL JSM-6700F). X-ray diffraction 
(XRD) instrument (Rigaku Corporation DLMAX-2200) 
was employed to characterize the structures of the 
samples in the range of 25°–85° at a scanning speed 
of 1° min-1. A three-electrode configuration was used, 
which consists of a bare or modified GCE (3 mm in 
diameter) as a working electrode and an Ag/AgCl 
saturated KCl electrode and a platinum wire (1 mm in 
diameter) as the reference electrode and auxiliary 
electrode, respectively.  
Phosphate buffer solutions (PBS, 0.1 M) were 
prepared with different pH values (5.5, 6.0, 6.5, 7.0, 
7.5, and 8.0). A 2.0 mM NE solution was prepared by 
dissolving 159.63 mg NE in PBS with different pH 
values. A series of dilute solutions were obtained by 
serial dilution with PBS. A 2.0 mM AA solution was 
prepared by using the same method to the preparation 
of NE solution. 
 
Preparation of Ag-Fe/SWCNTs 
The Ag-Fe/SWCNTs were prepared by a method 
similar to that of DC arc discharge evaporation30. The 
cathode and anode were horizontally installed at the 
center of a water-cooled chamber. The anode was a 
carbon rod doped with Ag (0.5 at.%) and Fe (1 at.%) 
catalyst (10 mm in diameter, 70 mm in length), and 
the cathode was a pure carbon rod (10 mm in 
diameter, 30 mm in length). We applied 90 A to 
generate the DC arc discharge in H2-Ar atmosphere. 
The distance between two electrodes was kept 
constant at approximately 2 mm. SWCNTs were 
generated with Fe catalyst and Ag nanoparticles were 
loaded on the surface of SWCNTs by arc discharge 
evaporation. Ag loading and SWCNTs growth 
occurred almost simultaneously. Before electrochemical 
measurement, Ag-Fe/SWCNTs were heated at 800 °C 
for 2 h to remove the amorphous carbon in H2-Ar 
mixture gas. 
 
Preparation of Ag-Fe/SWCNTs film modified electrode 
By ultrasonic agitation, 0.5 mg of purified  
Ag-Fe/SWCNTs was dispersed in 1 mL of mixed 
solution, which contains 0.5 mL acetone and 0.5 mL 
N,N-dimethylformamide (DMF) to give a 0.5 mg/mL 
suspension liquid. The GCE was abraded carefully 
with emery paper (No.5000 and No.3000) and 
chamois leather containing 0.05 mm aluminum slurry, 
and then washed ultrasonically with distilled water 
and ethanol respectively. The SWCNTs film was 
prepared through dropping SWCNTs (0.1 mg/mL) in 
DMF and acetone using microsyringe on the surface 
of GCE, and then the solvent was evaporated under an 
infrared heat lamp for 2 min. The prepared electrode 
was denoted as Ag-Fe/SWCNTs/GCE. 
 
Electrochemical detection 
A 0.1 M PBS of pH 6.5 was selected as the 
supporting electrolyte to determine NE and AA. The 





Ag-Fe/SWCNTs/GCE was activated by 7 consecutive 
cyclic voltammetric potential sweeps between –0.2 V 
and 1.6 V at 100 mV/s in the blank PBS (pH 6.5) 
before the measurement. At room temperature, cyclic 
voltammogram (CV) was recorded in a potential 
range of –0.2–0.8 V at a scan rate of 100 mV/s at the 
CHI 660 C electrochemical workstation. The reductive 
current at 0.32 V was used as the signal for the 
determination of NE. 
 
Results and Discussion 
 
Characterization of the synthesized nanomaterials 
A typical SEM image and EDS analysis of the 
purified Ag-Fe/SWCNTs is given in Fig. 1a and  
Table 1. The SWCNT bundles are crossed with each 
other and form into a network loaded with metal 
nanoparticles as the bright spots. The EDS results 
reveal that Ag and Fe coexist in the sample (Table 1). 
Because of some sulfur existing in the raw carbon 
powders, sulfur also appeared besides carbon, Ag  
and Fe. The TEM image of Ag-Fe/SWCNTs before 
purification is given in Fig. 1b. For the as-grown 
sample, the metal nanoparticles, the dark spots of  
the surface of SWCNTs bundles, are dispersed 
homogeneously, and surrounded or encapsulated by 
amorphous carbon and carbon shells. According to 
previous works, the diameters of Ag and Fe 
nanoparticles are in the range of 1 to 10 nm31,32. The 
Raman spectra of the purified Ag-Fe/SWCNTs are 
given in Fig. 1c. SWCNTs have three characteristic 
vibrational modes of low-frequency radial breathing 
mode (RBM, 100–300 cm-1), high-frequency 
tangential mode (G-band, around 1580 cm-1), and the 
D-band (around 1350 cm-1). The G-band is the only 
band which arises from a first-order Raman scattering 
process, related to phonon vibrations in sp2 carbon 
materials, and the D band is attributed to the 
disordered structures. The intensity ratio of the D and 
G band (ID/IG) can be used to describe the crystallinity 
and the relative amount of amorphous carbon for the 
SWCNTs samples. The lower the ID/IG value, the 
higher the purity of the sample. The diameters of 
SWCNTs, namely dt, was calculated by the following 
equation: 
 
ωRBM = 234/dt + 10 cm
-1  …(1) 
 
where ωRBM (cm
-1) is the wave number of the radial 
breathing mode (RBM) in the Raman spectrum33. 
 
 
Fig. 1 — (a) SEM image of the purified Ag-Fe/SWCNTs, (b) TEM image of Ag-Fe/SWCNTs before purification, (c) Raman spectra of 
the purified Ag-Fe/SWCNTs, and, (d) XRD patterns of Ag-Fe/SWCNTs. 
Table 1 — EDS analysis of the purified Ag-Fe/SWCNTs 
Element C O S Fe Ag 
Atom ratio (at%) 37.23 7.40 4.11 26.19 25.08 
Mass ratio (wt%) 9.19 2.43 2.71 30.06 55.61 
 




Several RBM peaks appears in the range of 110 to 
157 cm-1, corresponding to a diameter range of 1.6 to 
2.3 nm. For the XRD patterns of the purified  
Ag-Fe/SWCNTs, the diffraction peaks at 2θ (diffraction 
angle) = 38.12°, 44.33°, 64.46°, 77.39°, and 81.56° can 
be assigned to Ag (111), Ag (200), Ag (220), Ag (311), 
and Ag (222), respectively (Fig. 1d). The Fe (110),  
Fe (200), and Fe (211) showed that the corresponding 
diffraction peaks at 44.35°, 64.53°, and 81.65°, almost 
overlapped with the peaks of Ag (200), Ag (220), and 
Ag (222). Some peaks of Fe3O4 appeared because  
carbon impurities that encapsulated the metal 
nanoparticles were removed by H2 treatment, and Fe 
nanoparticles were oxidized by oxygen when the  
Ag-Fe/SWCNTs were taken out and exposed to air. From 
the XRD results, the Ag nanoparticles were not oxidized.  
 
Electrochemical characterization of NE at the Ag-Fe/SWCNTs 
modified GCE 
In order to compare the detection effect of  
Ag-Fe/SWCNTs modified GCE on NE, the modified 
GCE and the bare GCE were placed in 2.0 mM  
NE solution (pH 6.5). As a result, NE showed a 
higher redox peak current on the modified GCE of 
Ag-Fe/SWCNTs (Fig. 2), and ΔEp = oxidation peak – 
reduction peak = ΔEpa – ΔEpc = 0.326 V – 0.189  
V = 137 mV. The decrease in the potential difference 
indicates that the electron transfer rate was 
accelerated. The oxidation-reduction reaction is equal 
to that of the bare GCE and ΔEpa – ΔEpc = 249 mV = 
the enhancement of the reversibility of silver, that is, 
the modified GCE of Ag-Fe/SWCNTs has a good 
effect on NE. The reason is that the carbon nanotubes 
have a very high aspect ratio and catalytically active 
surface, and single-walled carbon nanotubes increase 
the surface area of the electrode, which lead to the 
greatly increased background current than for the bare 
electrode. On the other hand, silver nanomaterials 
have small particle size with specific surface area, 
different electronic state of the surface and the interior, 
excellent conductivity, and strong catalytic effect. The 
above results prove that Ag-Fe/SWCNTs can be used 
as a substrate for sensitive detection of NE. 
 
Optimization of detection conditions 
NE is known to be deprotonated or protonated with 
solutions having different pH. To demonstrate the 
influence of pH on the peak current of NE, the curve 
of the peak current versus pH was plotted by cyclic 
voltammetry in PBS at pH 5.5 to 8.0. It can be seen 
that at about pH 6.5, the anodic peak current has the 
highest value, indicating the best response of NE 
under this condition (Supplementary Data, Fig. S1a). 
Therefore, pH 6.5 was used in our experiments. In 
addition, the CVs of NE for different amounts of  
Ag-Fe/SWCNTs modified GCE were investigated  
to explore the optimized condition of electrode 
modification. As shown in Fig. S1b, the maximum 
oxidation peak current of NE at Ag-Fe/SWCNTs 
modified GCE was 63.6 μA, which is larger than that 
at SWCNTs modified GCE. This indicates that the 
silver nanoparticles attached on the SWCNTs could 
facilitate electron transfer of NE. 
The effect of the scan rate on electrochemical 
behaviours of NE was investigated by recording the 
CVs of 2 mM NE on Ag-Fe/SWCNTs/GCE at 
different scan rates from 20 to 200 mV/s in PBS of 
pH 6.5 (Fig. 3a). It can be seen that anodic peak 
current was linear with the scan rate (Fig. 3b). The 
linear regression equation is Ipa (μA) = −2.95×10
−6 + 
6.66×10−8 V (mV/s) with r2 = 0.996, suggesting that 
the redox reaction of NE involved an adsorption-
controlled process according to Laviron et al34. The 
peak current increased with the scan rate, and 
simultaneously the peak-to-peak separation (ΔEp) also 
increased, which revealed a quasi-reversible electron 
transfer process. Taking into account the sensitivity  
of Ag-Fe/SWCNTs modified GCE, the scan rate  
of 100 mV/s was selected for the whole experiment. 
Owing to the NE adsorption on the surface of  
Ag-Fe/SWCNTs/GCE, the adsorption time had an 
enormous influence on the peak current. Hence, the 
influence of adsorption time was studied, which 
manifested that the peak currents reached the 
maximum level when the Ag-Fe/SWCNTs/GCE was 
put into 2 mM NE for more than 5 min. 
 
 
Fig. 2 — CVs at a bare GCE in 0.1 M PBS of pH 6.5 (curve 1),
and bare GCE in 2 mM NE (curve 2) and Ag-Fe/SWCNTs/GCE
in 2 mM NE (curve 3) [scan rate: 100 mV/s]. 






Sensitivity is a significant criterion to assess NE 
detection method. The CVs recorded at different 
concentrations of NE in the range of 0.005 mM to  
2 mM in pH 6.5 PBS buffer is given in Fig. 4a.  
The peak current increases with increasing NE 
concentration. The linear relationship was found as 
shown in Fig. 4b, i.e., Ipa = 33.8C(NE) + 11.1, r
2 = 0.964 
in the range of 50 μM to 500 μM. When the 
concentration of NE was 5 μM, Ag-Fe/SWCNTs 
modified GCE could promote its electrochemical 
behavior, that is, the detection limit of NE was 5 μM. 
 
Sensor’s selectivity 
As mentioned above, the Ag-Fe/SWCNTs/GCE 
has high electrocatalytic activity toward the oxidation 
of NE, which can be used as a chemically modified 
electrode to explore analytical and biological 
applications. In this study, detection of biomolecule 
AA was also analysed on this electrode besides NE. 
The irreversible oxidation peak was at 0.2 V on the bare 
GCE, but peak potential shifted to 0.33 V with reduced 
peak current on the Ag-Fe/SWCNTs/GCE (Fig. 5a). 
Hence, it is clear that the Ag-Fe/SWCNTs/GCE cannot 
catalyze the oxidation of AA. When 1 mM NE was 
added to the above system, there was only one 
oxidation peak on the bare electrode (Fig. 5b), 
indicating that the bare GCE was not effective in 
detecting NE in the presence of AA. Whereas, two 
oxidation peak potentials were observed on  
Ag-Fe/SWCNTs modified GCE. The first one was  
the oxidation peak potential of AA and the  
second one was close to NE oxidation peak potential. 
Based on this, NE assays can be performed  
selectively in the presence of high concentrations of 
AA (CAA = CNE). 
For the study of stability of the Ag-Fe/SWCNTs 
film modified GCE, the experimental results showed 
the CV curves of 2 mM NE (pH 6.5) are similar to 
those of Ag-Fe/SWCNTs modified by the same GCE, 
and the relative standard deviation (RSD) of the 
oxidation peak current is 0.2% (Table S1). The CV 
curves of 2 mM NE (pH 6.5) exhibited that the RSD 
 
 
Fig. 3 — (a) CVs of 2 mM NE on the Ag-Fe/SWCNTs modified GCE in 0.1 M PBS of pH 6.5 at different scan rates (20, 50, 70, 100, 150 and 200 mV/s), 




Fig. 4 — (a) CVs of different concentrations (from 0.005 mM to 2 mM) of NE in PBS of pH 6.5 on the Ag-Fe/SWCNTs modified GCE, 
and, (b) relationship of redox peak currents and concentrations of NE. 




of the oxidation peak current was 1.2% when the  
Ag-Fe/SWCNTs modified three different GCEs  
in parallel experiments (Table S2). The results 
manifested that the reproducibility of Ag-Fe/SWCNTs 
modified GCE is very satisfying. Additionally, long-
term stability experiments were studied by storing  
the proposed electrodes at 4 °C and measuring their 
electrochemical signal every five days (Supplementary 
Data, Fig. S2). Even after storing for 30 days,  
the electrochemical signal essentially maintains its 
original current response. These results confirmed that 
the prepared sensor showed good stability and 
reproducibility. 
From literature, numerous methodologies for NE 
detection have been exploited. In some cases, the 
process of sensor fabrication is a tedious one 
involving in the use of hazardous precursor materials 
or organic solvents, or the fabrication is expensive 
and time consuming. The comparison of our 
developed Ag-Fe/SWCNTs/GCE sensor with other 
NE detection sensors, shows that the sensor system 
using SWCNTs is low-cost and easy to synthesize. 
Moreover, it can be effectively used to separate NE 
and AA. Consequently, this system is a better 
candidate for the selective and sensitive detection of 
NE in aqueous solution. 
 
Conclusions 
A sensitive sensor was designed for NE detection 
on the basis of silver and iron nanoparticles decorated 
single walled carbon nanotube modified glassy carbon 
electrode. The fabricated Ag-Fe/SWCNTs/GCE detected 
NE in the linear range of 50 to 500 μM with an  
LOD of 5 μM. The proposed sensor successfully 
analysed the presence of NE with good reproducibility, 
revealing its promising practical applicability,  
and also efficiently exhibited the separation of 
NE and AA. However, the preparation process of  
Ag-Fe/SWCNTs needs harsh reaction conditions and 
needs to be carried out at 800 °C, which may limit the 
laboratory study and applications of this material. 
 
Supplementary Data 
Supplementary data associated with this article are 
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